Abstract. With the development of smart grid, and ever-increasing kinds of electrical loads, the power system requires current measurement technology with wider measurement range, this thesis designs a new type of current sensor based on Giant magnetoresistance (GMR) material. Firstly, this thesis introduces principles and characteristic of GMR current sensor. For the shortcomings of low sensitivity and poor linearity of GMR chip, this thesis presents a structure of open-loop current sensor using GMR chip as magnetic probe, which improves the sensitivity of sensor effectively.
Introduction
In the information age, the sensor has been an important technology tool in many fields, such as automatic monitoring, automatic controlling. In recent years, smart grid has been a hot topic in the power industry, compared to the traditional grids, smart grid need more intelligent information management to achieve high efficiency and high reliability in power transmission, so more advanced sensor technology is needed. Current is one of the basic variables of power grid monitoring, it is important to measure current quickly and accurately [1] .
In smart grid, the current range is wide and the dynamic range is high, we also need to measure DC and AC current at the same time sometimes, so the traditional current sensor may not meet the requirement in smart grid. It's meaningful to research a new kind of current sensor to apply to smart grid. Giant magnetoresistance (GMR) has a rich material system to meet different measurement needs. Its excellent dynamic characteristics and sensitivity performance are beneficial for real-time current monitoring of smart grid [2] .
Basic Principle of GMR Sensor

Introduction of GMR
In 1988, researchers Fair and Peter Greenberg discovered the giant magnetoresistance effect (GMR), GMR effect means the resistivity of some special magnetic materials will have great change when the surrounding magnetic field changes. Since the discovery of GMR, many scholars and scientists work on the development and application of GMR. GMR has a wide range of applications in many fields, such as magnetic storage, compass, week magnetic measurement, position detection, current measurement and so on [3] [4] . At present, researchers have found a variety of GMR materials, such as multilayer film (Ml), spin valve (SV), magnetic tunnel junction (MTJ), granular film (GA), and so on. Among them, the MTJ structure has the highest sensitivity, so the MTJ structure is used in our research.
GMR Current Sensor
In the current measurement field, The GMR material has been extensively studied and applied because of their high sensitivity, low price, and high dynamic range. When measuring current by GMR materials, four GMR materials with identical characteristics are often connected into a Wheatstone bridge structure and encapsulated in an integrated chip. The structure can transform the change of magnetic field strength into voltage output. At the same time, the temperature drift characteristics can be effectively improved because the four GMR materials have the same characteristics. Figure 1 shows the internal structure of the bipolar GMR chip with full bridge, the resistance values of R1~R4 are R. When magnetic field is applied, the resistance of R1, R4, R2, and R3 varies in opposite directions [5] . If voltage is applied between Vdd and ground, the output voltage Vo represents current information related to magnetic field information, thus, only reflect the strength of magnetic field, but also reflect the direction of magnetic field, which can meet the demand of current measurement in power system.
Design of GMR Sensor Chip Selection
After investigation the mature GMR products at home and abroad, the TMR series linear magnetic field sensors manufactured by Jiangsu Multi-dimension Technology Co., Ltd. are finally selected. TMR series sensors have high sensitivity, good temperature characteristics, a variety of models to choose, and can measure bipolar magnetic field, can meet the needs of various current measurement in power system. In this paper, TMR2505 is used as the magnetic sensor element to design the current sensor system. Table 1 shows the basic parameters of TMR2505. 
Circuit Design
 Because the operating voltage range of GMR chip TMR2505 is 1-7V, the circuit is powered by positive and negative 12V batteries, so the power module is needed to convert the power supply voltage to 5V for the GMR chip;  The output voltage of the chip is mV level, which will bring great errors in direct measurement, so the signal amplification circuit is designed to amplify the sensor signal to V level.  Moreover, due to the limitation of production process and other conditions, the chip has inherent output bias, so the signal nulling circuit is added to compensate the output bias. Figure 2 shows the system circuit diagram. Figure 3 shows the schematic diagram for the GMR current sensor. The current flowing through the conductor is I, the magnetic field around the conductor is parallel to the sensitive axis of the sensor, so that the maximum output voltage can be obtained. When the current in the conductor changes, the magnetic field strength around the conductor changes, and the resistance of the GMR sensor changes, the chip transform the change of resistance into output voltage because of the bridge structure. While the magnetic field around the current-carrying wire is proportional to the current inside the conductor, and the output voltage of the sensor is linear with the magnetic field around it, the magnitude and direction of the current inside the conductor can be calculated according to the output voltage of the sensor [7] . Because the GMR current sensor is sensitive to the wire position, angle, interference current and magnetic field around and other factors, the method above-mentioned to measure current may cause large measurement error. Therefore, in practical use, a open magnetic ring with high permeability is used. Figure 4 shows the schematic diagram, the conductor to be measured crosses the magnetic ring, the GMR material is placed in the opening of the magnetic ring. This structure can improve the sensitivity of the sensor system and reduce the measurement error caused by other factors. At the same time, a closed-loop structure is proposed, which adds power amplifier, feedback coil and sampling resistance compared to the open-loop structure. Its schematic diagram is shown in Figure 5 . When the current flows through the conductor, the power amplifier amplifies the output signal of the sensor and drives the feedback coil wound on the magnetic ring to counteract the magnetic field generated by the conductor itself, so as to achieve a dynamic balance state. The current inside the conductor can be indirectly reflected by detecting the voltage above the sampling resistance [8] . 
Structural Design
System Test
DC Characteristic Test
First, the DC characteristic of the developed current sensor system is tested. The testing platform includes GMR current sensor, mainstream regulated power supply, high precision multimeter and so on. The input and output characteristic curves are shown in Figure 6 . The output voltage data are obtained by increases the input current gradually from 0 to 25A into the three structures. It can be seen from Figure 6 that the linearity and precision of single chip output is not high. The open-loop and closed-loop design greatly improve the linearity of GMR current sensor, and the linearity of closed-loop structure is the best. Compared with the standard current clamp, the precision of open-loop and closed-loop is much higher than that of single chip. The closed-loop is further improved because the magnetic field is compensated by the feedback current. 
AC Characteristic Test
Then, the AC characteristic of the developed current sensor system is tested, including phasefrequency characteristics and amplitude-frequency characteristics. The test platform includes signal generator, power amplifier and oscilloscope and so on. Figure 7 shows the AC characteristic of open-loop structure while Figure 8 shows the AC characteristic of closed-loop structure. By testing the frequency range of the designed GMR current sensor, it can be seen that the closed-loop structure has wider frequency band than the open-loop structure, and the open-loop and closed-loop have wide frequency band range, which basically achieves the purpose of broadband current sensing. However, although the closed-loop structure has better linearity, precision and larger measurement range than the open-loop structure, the introduction of closed-loop negative feedback makes the structure of the sensor more complex and increases power consumption, so we should select open-loop or closed-loop structure of the sensor according to the actual measurement requirements.
